Characterization of ZrO2-Y2O3 thermal spray powder systems by Froning, Marc J. et al.
. - .  5/4 - 2 7  
-ZATION OF Zr02-Y203 TEEX4AL SPRAY POWDER SYSIEMS 
Thanas E. Mantkowski and David V. Rigney 
Aircraft Engine Business Group 
General Electric Canpany, Evendale, O h i o  45215-6301 
Marc J. E'rOning and N. Jayaraman 
Department of Materials Science and Metallurgical Engineering 
'uhiversity of Cincinnati, Cincinnati, Ohio 45221-0012 
The overall objective of t h i s  program is to establish the interrelation 
between the rawmaterial in the coating process and the perfomce of the 
coating deposit. 
establish mre precise specifications for the procurement of rawmaterials. 
This paper presents sane of the preliminary results of this program. 
It is anticipated that these interrelations w i l l  help 
m e r  samples of zr02-88 Y203 mufactured by different processes such as 
(i) spray drying; (ii) spray drying and sintering, (iii) sintering and 
crushing, (iv) casting and crushing, and (v) casting, crushing and fusing were 
initially characterized for particle size and shape, microstructure and 
m~~hology, surface area, density, flow characteristics, and qualitative and 
quantitative phase distribution. 
to have significant effects on a 1  the above characteristics. 
t w  extreme cases were: 
~icarogeneous with a large surface area, lcw density and low mass flow rate, 
and contained primarily the mnoclinic ZrO 
of free Y203; (ii) the fused, cast and 'crus%ed powders were dense irregular 
particles mth a lcw surface area and high mass flow rate and contained pri- 
marily cubic phase with slrall munts of mnoclinic and additional unidentified 
phase. Bath narrow and wide size distributions of particle sizes were found in 
the as received m e r  samples. 
The powder manufacturing process did appear 
For example, the 
(i) the spray dried pders were spherical and 
phase w i t h  additional s m a l l  m u n t s  
The powders were air-plasm-sprayed using identical spray parameters on 
Hastalloy-x substrate w i t h  a VPS ATiCrAlY bond coating. 
characterized for microstructure, erosion resistance and qualitative and quan- 
titative phase distribution. The coatings ranged fran highly dense to highly 
porous and this appeared to primarily depend upon the initial particle size. 
The coated samples were subjected to thermal cycling, and similar characteri- 
zation was carried out on the expsed samples. 
other investigators, the highly porous coatings appeared to withstand a greater 
nmlber of thermal cycles. 
lhCinary thermal cycling test results, and in characterizing the coated and 
the& cycled samples. 
The coated Samples were 
In general, as observed by 
E'urther mrk is in progress to c o n f h  the pre- 
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V e n d o r  
codes 
w 
J 
A 
C 
B 
Y 
J 
H 
J 
CHEMICAL CIMFOSITIGN OF EXPERIMENTAL FCMXRS 
*ray 
Drled 
spray 
Dried 
spray 
Drled & 
Sintered 
Sintered & 
Crushed 
Sintered & 
Crushed 
cast, 
Crushed, 
& Fused 
Fused, 
cast, & 
Crushed 
Fused; 
cast, & 
Crushed 
Canpsi t ion 
cby -1 
2.60% Hf [0.0-3.0] 
3.40% Y C2.14.61 
0.24% Ca CO.0-0.63 
0.00% T i  [0.0-0.51 
2.60% Hf C0.0-1-21 
8.60% Y C8.4-35.61 
0.00% T i  CO.0-0.31 
0.00% Ca CO.0-0.33 
0.31% Fe [0.0-0.31 
2.19% Hf [0.0-2.3] 
12.20% Y C5.1-15.31 
2.41% Hf [1.5-3.1] 
9.10% Y [8.7-11.8] 
0.00% K [0.0-0.2] 
0.25% N i  [O.O-O.O] 
1.49% Hf [0.9-3.3] 
11.10% Y C7.0-13-01 
0.00% Ca [0.0-0.3] 
0.00% T i  CO.0-0.31 
0.00% Fe cO.0-1.11 
1.35% Hf CO.0-2.51 
7.81% Y C4.7-7-03 
0.00% T i  CO.0-0.31 
2.11% Hf CO.6-1-41 
8.16% Y [4.3-12.4] 
0.00% T i  c0.0-0.11 
0.00% Mg [0.0-0.21 
1.21% Hf [0.0-1.5] 
10.20% Y C6.4-8-01 
0.00% Mn [0.0-0.21 
0.14% T i  [0.0-0.0] 
1.95% H f  [0.0-1.3] 
9.24% Y C4.9-8-51 
Canpsition 
[wet chemistry] 
0.6% Si 
0.9% Hf 
6.8% Y 
0.3% T i  
0.4% S i  
1.3% Hf 
7.3% Y 
0.2% T i  
0.7% S i  
8.4% Y 
0.2% T i  
0.7% S i  
7.6% Y 
0.2% T i  
0.3% Si 
8.2% Y 
0.1% T i  
0.2% S i  
1.5% Hf 
7.4% Y 
0.1% S i  
0.2% T i  
7.0% Y 
0.2% Mg 
0.1% T i  
0.3% S i  
8.6% Y 
0.1% S i  
0.2% T 
6.4% Y 
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Plasma Gun 
Primary/Seccmdary Gas 
Gun FOder 
Traverse Rate 
Wer Feed Rate 
Preheat 
Spray Distance 
Other 
Air 
Metco 7M 
-
N2"2 
36 KW 
100 sfpn 
6 Lbs./Hr. 
None 
5 In. 
goo air  impingement 
cooling 
Vacuum 
Metco 7ME 
*/HZ 
50 KW 
100 sfpn 
10 Lbs./Hr. 
180OoF 
12 In. 
40 torr Abs. Pressure, 
KJ?A cleaned 
c 
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TABLE 3 
PHYSICAL PFOPERTIES aF THE As-RECEIVED EXPERIMENTAL FcwlXRs 
, 
shape -- Cby am3 
Porous 
Spheres 
Spheres 
spheres 
Spheres 
Rough 
Spheres 
Irregular 
Spheres/ 
Aclcular 
- 1 4  
Irregular 
Angular 
Density 
Cg/mill 
5.54 
5.55 
5.60 
5.82 
5.96 
5.96 
5.67 
6-03 
6.05 
Surface Area. 
Csq. 491  
Size 
C Microtrac 1 
Vendor M e r  
Codes ?Lpes 
W spray 
Dried 
Color 
Wnite 
white 
Pale 
Yellow 
Pale 
Yell- 
Light 
Ye l low 
Light 
Y e l l o w  
Dark 
Yel low 
Dark 
Y e l l o w  
Dark 
Y e l l a w  
* 3-60 
J spray 
Dried 
Lm46.7 
-23 0 6.4 1.60 
A spray 
Dried 7.2 * 1.39 
C 
Sintered 
Mv=67.7 
-30.0 7.6 
7.0 
7.0 
9.6 
8.7 
8-3 
0.187 
8 Sintered 
& Crushed 
MT=74.4 
-25 4 0.256 
Y Sintered 
61 Crushed 
Mv=53.2 
-31 5 0.39 
Cast; 
and Fused 
J Crushed MV=50.0 
-23.4 0.073 
-4, 
Crushed 
H Cast, and bW=65.4 
-35 6 0 00656 
0 081 
msed, 
Crushed 
J Cast, and MV=51 1 
-22 0 
* Pwders Dissolve in Water 
, 
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TBC LIFE AND EXOSION RESISTANCE 
EZosion 
Resistance 
Csec/mil] 
Thermal 
Cycles to 
Failure 
Vendor 
Codes 
W 
m e r  Types 
spray Dried 9.5 40 
J spray Dried 7.4 285 
700 A Spray Dried 4- 1 
C Sintered & Crushed 6.1 660 
1000 
410 
380 
B 
Y 
J 
Sintered & Crushed 
Sintered & crushed 
Cast ,  Crushed & Fused 
7.1 
6.6 
10.5 
H Fused, c a s t  & crushed 9.6 310 
J Fused, Cast & Crushed 11.6 390 
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, 
Vendor J -Spray  D r i e d  Vendor B - S i n t e r e d  
Vendor H-Cast & Crushed 
Figure 1. - Metallographic evaluation of Z r 0 2  - 8Y 0 pawders. 2 3  
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V e n d o r  J V e n d o r  B 
d- 
V e n d o r  H 
Figure 5. - Wtallographic evaluation of as-sprayed " 2 ' s .  
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POOR QUALITY. 
V e n d o r  J - 2 8 5  C y c l e s  V e n d o r  B-1000 C y c l e s  
V e n d o r  H-310 C y c l e s  
Figure 6. - Metallographic evaluation of exposed TBC's. 
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